. Surprisingly, in arrowheads, Figure 1A ). Short prickle hairs (white spite of the absence of lobes, cortical microtubules are arrows, Figure 1C ) and much longer macrohairs (black similarly organized into transverse bands in expanding arrow, Figure 1C ) are elongated, with finely pointed brk1 cells, although these bands are less distinct than ends. We identified a recessive mutation, brick1 (brk1), in wild-type ( Figure 3B ). that completely blocks the formation of epidermal cell Since differences in microtubule organization do not lobes ( Figure 1B) . In addition, brk1 stomatal subsidiary readily explain the complete lack of epidermal cell lobing cells are often abnormal (white arrowheads, Figure 1B) , in brk1 mutants, we considered the role of F-actin in this and both prickle hairs and macrohairs are shorter and process. In expanding wheat mesophyll cells, cortical blunter in brk1 leaves compared to wild-type (white and F-actin was found to be arranged in bands coinciding black arrows, Figure 1D ). In the internal tissue layers with microtubule bands [14] . Treatment of these cells of the leaf, mesophyll cells also have lobed shapes. with low concentrations of cytochalasin D caused disHowever, examination of leaf cross-sections and isopersion of microtubule bands, and the cells expanded without forming lobes, suggesting an important role for F-actin in promoting the formation of microtubule bands
found at ‫3ف‬ cm, 5 cm, and 7 cm, respectively, from the bases of 20-30 cm long leaves. Scale bar, 100 m.
[15]. In contrast, a recent study of expanding Arabidopsis cotyledon epidermal cells showed that F-actin The local enrichment of cortical F-actin observed in tended to be excluded from areas of the cell cortex lobe tips is reminiscent of that seen at or near the growth where microtubule bands were observed [13] . Thus, site in tip-growing cells [3, 6, 16] . The significance of there appears to be variability in the organization of this feature of F-actin organization in tip-growing cells is F-actin in different lobe-forming cell types. In expanding not known, but various possibilities have been proposed wild-type maize leaf epidermal cells, cortical F-actin is [16] , which might also explain the significance of F-actin enriched in distinct "patches" at sites of lobe emerenrichments at lobe tips. One possibility is that F-actin gence, which persist at lobe tips as the lobes elongate at lobe tips guides vesicle delivery to and/or promotes ( Figures 3C and 3E) . In expanding brk1 epidermal cells, vesicle fusion with the plasma membrane. By analogy such F-actin patches are never observed (Figures 3D to migrating animal cells in which local F-actin polymerand 3F). These observations suggest that in addition to ization propels the leading edge forward, another possithe banding of cortical microtubules, the formation of bility is that F-actin polymerization at the lobe tip may cortical F-actin patches along the cell margins is also drive its elongation by producing a protrusive force. critical for lobe formation in maize leaf epidermal cells.
Further work will be required to determine whether lobe The absence of these F-actin patches could be responformation shows other characteristics of tip growth. sible for the failure of lobes to form in brk1 epidermal However, it is clear that Brk1 is not required universally cells. by Northern blot analysis ( Figure 5B ). Brk1 RNA was detected in all tissues analyzed: leaves, embryos, ear primordia, and roots. Notably, when leaf tissue was separated into dividing, expanding, differentiating, and mature regions, RNA levels were highest in expanding leaf tissue (the stage when cell lobing occurs) and were extremely low in mature leaf tissue. RNA levels were also analyzed in brk1-mum1 and brk1-1 homozygous mutants compared to their wild-type siblings. No mRNA was detected in brk1-mum1 mutants, while slightly reduced RNA levels were detected in brk1-1 homozygotes, consistent with the nature of these mutations.
The Brk1 gene encodes a very small ‫8ف(‬ kDa), novel protein with no recognizable functional motifs or targeting sequences. However, database searches show this protein to be highly conserved throughout the plant kingdom ( Figure 5C ). BRK1 is 96% identical to the rice ortholog, 78%-80% identical to dicot orthologs, and almost as highly conserved in the region of overlap with partial sequences from pine and moss. This family of plant proteins identifies a corresponding family that is also highly conserved throughout the animal kingdom. BRK1-related proteins from Xenopus, Drosophila, C. elegans, and Dictyostelium are 96%, 74%, 55%, and 47% identical to the human BRK1-like protein, respectively. Comparison of plant and animal proteins shows a high degree of sequence conservation in the center and divergence at the carboxy and amino termini, with 35% overall identity between BRK1 and any one of the animal proteins. Proteins in this previously unrecognized family are present in all eukaryotic genomes searched except those of fungi, including the fully sequenced genome of S. cerevisiae.
The conservation of both sequence and size of plant and animal proteins suggests that they function similarly in a process that was already occurring in the common ancestor of plants and animals. This process may have been dispensed with during the evolution of fungi or may involve a BRK1 ortholog too divergent at the sequence level to be recognizable. Further work will be needed to determine whether BRK1-like proteins also function to promote the polarization of animal cells. Our observations on the brk1 phenotype in maize suggest and members of the Smith lab for helpful comments on the manuscript.
